arthropods (i5K project; Poelchau et al., 2015) and all 10500 species of birds (B10K 48 project; Jarvis, 2016), to name but a few. 49
In the area of parasitology, a similar large-scale collaboration was initiated 50 with the aim of sequencing 50 helminth genomes from human and veterinary 51 parasites of global importance (50 Helminth Genomes Project, 50HGP; 52 http://www.sanger.ac.uk/science/collaboration/50hgp). The advances in sequencing 53 technologies enabled the number of genomes sequenced under this directive to be 54 exceeded. Now in its ninth release, the database housing these genomes, 55
WormBase ParaSite, comprises 134 genomes, representing 114 species (Howe et 56 al., 2017) . In addition to acting as a central repository and publically-accessible 57 database for the wider research community, WormBase ParaSite integrates all 58 available genomic and transcriptomic data to provide functional annotation and 59 expression information for each species and thus facilitate comparative genomics 60
analysis. 61
How we profile the repertoire of transcripts expressed by an organism, at a 62 particular time-point or in response to external cues, has also evolved with advances 63 in sequencing technology. Studies first focused on analysing partial sequences, 64 known as expressed sequence tags (ESTs) derived from libraries of cDNA clones 65 (Parkinson and Blaxter, 2009 ). In conjunction, serial analysis of gene expression 66 (SAGE) methodology facilitated differential or temporal gene expression studies, as 67 well as the detection and analysis of low abundant transcripts (Sun et al., 2004) . 68
However, it was the development of gene expression microarrays that initially 69 instigated high throughput transcriptome analyses that are still used today (Schena 70 et al., 1995; Malone and Oliver, 2011) . Since microarrays only detect known gene 71 transcripts immobilised on microchips they are less useful for gene discovery. By 72 classification. These molecular tools also provide markers for population genetic 143 studies and epidemiological analysis of Fasciola spp. The complete F. hepatica 144 mitochondrial (mt) genome was the first to be sequenced from a trematode species 145 (Le et al., 2001) and has since been used for several population genetics studies of 146 F. hepatica (Walker et al., 2007; Walker et al., 2011; Walker et al., 2012; Bargues et 147 al., 2017) . Similarly, the complete mt genome from F. gigantica has been reported 148 (Liu et al., 2014) , which now provides species-specific references that can be used in 149 species characterization studies.
For example, Liu its own species survival through the daily generation of large numbers of eggs, the 176 evolution of a large genome appears counter-intuitive as it potentially imposes a cost 177 on egg production. The reason for the large genome size has yet to be determined, 178 but our studies indicate that it has not arisen through genome duplication or an 179 increase in the percentage of the genome that is comprised of repeat regions. 180
Although an equivalent number of genes have been identified across the trematode 181 genomes, comparative analysis reveals that increases in genome size are reflective 182 of increases in average exon and intron length, though this alone does not fully 183 explain the increased genome size of the F. hepatica genome. Further analysis of 184 the non-coding regions is required to determine their function and, in particular, their 185 importance in gene regulation (ENCODE Project Consortium 2012). 186
The recent genome sequencing of F. hepatica isolates from the Americas by 187 The available transcriptome data and subsequent analysis for Fasciola spp. 283 has since been further improved with the development of short read Illumina 284 sequencing that has increased sequence depth and coverage (Reuter et al., 2015) . 285
Investigation of the similarities between F. hepatica and F. gigantica, particularly 286 those molecules important at the host-parasite interface, has been carried out 287 following the first characterisation of the F. gigantica adult transcriptome (Young et 288 al., 2011) . Similarly, in depth Illumina sequencing has been applied to the study of 289 virulence and immunomodulation-related genes of adult F. hepatica, identifying 62 290 previously uncharacterised virulence-related genes. In silico characterisation, 291 subsequently implied that these genes have immunomodulatory properties since 292 they were comparable to various immune related molecules, including cytokines and 293 immune receptors (Hacariz et al., 2015) . 294
In particular, the development of Illumina sequencing technology has 295 advanced our knowledge of other F. hepatica lifecycle stages that have been 296 previously difficult to analyse. We have reported the sequencing of several early 297 lifecycle stages, namely the infective metacercariae stage, the NEJ parasites 1hr, 298 3hr and 24hr post-excystment, as well as juvenile parasites at 21-day post infection 299 and adult parasites which has provided a transcriptional profile of F. hepatica during 300 infection (Cwiklinski et al., 2015a) . Differential gene transcription analysis showed 301 that the parasite regulates the transcription of many of its genes with progressively 302 more genes being highly transcribed as the parasite rapidly grows and develops in 303 preparation for migration through the host liver (>8000; Cwiklinski et al., 2015a) . 304
The integration of transcriptome data with the F. hepatica genome has also 305 revealed that gene family expansion is a key feature of F. hepatica adaptation and 306 survival; we have shown that F. hepatica transcribes different members of these 307 Coupled with comprehensive proteomic analyses, a current focus of our work 316 is to investigate the infective and invasive lifecycle stages, namely the metacercariae 317 and NEJ to elucidate how the parasite prepares for infection and undergoes 318 alterations to ensure its own survival (Cwiklinski and Dalton, unpublished) . In depth 319 interrogation of the transcriptome data available for these lifecycle stages has shown 320 that the infective stage, metacercariae, is metabolically active and that early juvenile 321 stages regulate the transcription of metabolic pathways, particularly those related to 322 aerobic energy metabolism (Cwiklinski and Dalton, unpublished) . Parasite 397 susceptibility to TCBZ characterised by lethal activity was indicated by the presence 398 of actin, gelsolin, DJ-1 and triose phosphate isomerise, whereas putative resistance 399 characterised by sub-lethal activity was indicated by the presence of calreticulin, 400 cathepsin L proteases and enolase. These highly-specific protein profiles provide 401 potential markers that can be used for future TCBZ efficacy studies. 402
In contrast to the large amount of protein secreted by the adult parasites, 403 analysis of the early developmental and migratory stages of F. hepatica is more 404 challenging given their small size and difficulty in locating them in hosts tissues. 405
Accordingly, fewer proteomic studies have been reported for these stages. The 
Glycomics 472
To date F. hepatica glycomic analyses have focussed on the outer surface of 473 the parasite, the glycocalyx, that is rich in glycoproteins and glycolipids (Threadgold, 474 1976 ). Analysis has shown that the tegumental surface is highly glycosylated, with identified. Genes corresponding to fibrosis and tissue repair were found to be 511 upregulated, consistent with the subsequent tissue regeneration required following 512 the invasive migration of the parasite. In keeping with observations that helminth 513 infections typically skew host immune responses towards a Th2 type, genes 514 associated with Th2 differentiation and B cell activation were found to be 515 upregulated, while Th1 type responses were down-regulated. Interestingly, this 516 study also reported that an increased abundance of circulating reticulocytes is 517 associated with the blood feeding activity of F. hepatica, which can cause anaemia. 518
Increased transcription of haemoglobin-related genes and four genes putatively 519 associated with Fanconi anaemia were also observed. 520 Despite different protocols being used for sample preparation, RNA extraction and 524 subsequent analysis of the RNAseq data, both studies reveal that gene transcription 525 is highly regulated during F. hepatica infection of sheep, particularly during acute 526 infection (1-2 wpi). Both studies also observed the upregulation of genes associated 527 with TGF beta signalling, including the genes TGF beta, collagen type 1 and the 528 downstream SMAD signalling genes. These genes play a major role in fibrosis, 529 which were also observed in the transcriptome analysis of infected liver described 530 above (Alvarez Rojas et al., 2015) . Upregulation of genes associated with the 531 complement and coagulation cascades, chemokine signalling pathway and cytokine-532 cytokine receptor interaction pathway were also reported by Alvarez Rojas et al. 533 (2016) . were then used for further analysis, resulting in the identification of 183 and 76 570 genes differentially expressed at 2 wpi and 8 wpi, respectively. In comparison, the 571 study by Fu et al. (2016) , which compared animals as biological replicates, identified 572 6490 differentially expressed genes at 1 wpi, indicating that many genes of interest 573
were overlooked by the stringent process employed by Alvarez- Rojas et al. (2016) . 574
However, the sheep breed-specific responses may also be a factor in the differences 575 observed between these trials. Therefore, it is important for studies of host-parasite 576 interactions in ruminants that sufficient numbers of animals are used and that the 577 type of analysis utilised is appropriately considered and validated. 578
The host responses to the migrating parasites within the peritoneal 579 Over the last few decades major advances that have been made through -611 omics technologies have provided the liver fluke community with an extensive array 612 of datasets that can be interrogated to further our understanding of liver fluke biology 613 (Fig. 1) . The number of genes encoded within the F. hepatica genome has been 614 clarified. In particular, this information has been crucial in elucidating gene family 615 organisations, which in the past have been complicated by the large number of gene 616 sequences of similar classification present within the NCBI database. In addition, 617 the genes transcribed by F. hepatica have been found to be highly regulated 618 throughout the lifecycle within the mammalian host. This knowledge is vital for our 619 continuing efforts to develop control strategies that, in particular, target the early 620 stage parasites.
Proteomic analysis of the secreted/excreted proteins has 621
highlighted key molecules that play an important role at the host-parasite interface. 622
Biochemical characterization of these key molecules has also revealed stage-623 specific adaptations, including the activity of cathepsin L proteases that includes 624 collagenolytic activity specific to the juvenile parasites and haemolytic activity 625 restricted to the adult parasites (Robinson et al., 2008) . It has also revealed some 626 unexpected adaptations such as the kunitz-type serpin inhibitors that have inhibitory 627 activity against cathepsin L cysteine proteases and not serine proteases (Smith et 628 al., 2016) . 629
However, the function of a large proportion of F. hepatica genes and the 630 proteins they encode still remain unknown. In general, these genes only share 631 homology with uncharacterised genes from other Platyhelminthes, indicating that 632 they are Phylum-specific. Further investigation is therefore required to decipher the 633 function these genes play and specifically their importance for host-parasite 634
interactions. This can be achieved utilising post-genomic tools such as RNA 635 interference (RNAi) and CRISPR, as well as protein structural analysis to increase 636 our knowledge of these uncharacterised genes, facilitating the annotation of 637
Platyhelminthes datasets. Furthermore, the addition of this information into the 638 various software packages available for omics analyses, such as STRING 639 (Szklarczyk et al., 2015) and PANTHER (Mi et al., 2017) where there is a current 640 lack of data relating to the Phylum Platyhelminthes, is essential to expand our 641 knowledge of parasite protein-protein interaction networks. 642
How parasites regulate their genes, specifically in response to their 643 environment, particularly the host immune response, is becoming an area of intense 644 interest. In particular, this analysis has encompassed understanding the epigenetic 645 process of gene regulation, through DNA methylation, histone modification and non-646 coding RNA associated with gene silencing (Egger et al., 2004) . The role these 647 epigenetic processes play to facilitate Fasciola invasion and survival has yet to be 648 investigated. However, studies of closely related Platyhelminthes have indicated 649 that it warrants further investigation. In particular, the study of DNA methylation 650 across the Phylum Platyhelminthes has shown that cytosine methylation is a 651 functionally conserved epigenetic feature (Geyer et al., 2013) . Furthermore, recent 652 analysis of the epigenome of Schistosoma mansoni cercariae has revealed that 653 histone modifications play an important role in regulating the transcription of genes, 654 with the cercariae being transcriptional inactive (Roquis et al., 2015) . In-depth of 655 analysis of the Fasciola genome has already revealed an array of non-coding small 656
RNAs that may play a part in the post-transcriptional regulation of Fasciola genes 657 and/or be important for the regulation and manipulation of the mammalian host. 658
Similar analysis of the epigenome of the different lifecycle stages will show if there 659 are any lifecycle stage-regulatory factors associated with liver fluke gene regulation. 660
For the future development of control strategies, a greater understanding of 661 host helminth interactions is paramount. This review has discussed the large-scale 662 datasets available for the study of liver fluke infection, from both the parasite and the 663 mammalian host. Going forward the analyses of these data should be integrated to 664 elucidate the delicate interplay that occurs during infection and to determine if the 665 pathogenicity/virulence of liver fluke isolates within field populations plays a role in 666 this interaction. 
